Radionuclide tracer techniques are intimately associated with some of the early ground-breaking investigations in erectile dysfunction and have evolved along with the ®eld. At the present time, the various investigations can be grouped into four categories: labeled blood-pool; tracer washout; tracer washin and combined blood-poolatracer and tracer washout examinations. Blood pool studies are most useful in assessing the integrity of arterial in¯ow, but may also be used to generate indices of venous leak. A non-imaging version of the blood-pool test may represent a simple and cost-effective alternative. Washout of intracavernosal xenon during erection seems the most rigorous method of testing venous integrity. Washout using 99m Tc-labeled substances may emerge as a convenient alternative to the more technically dif®cult xenon examinations. Dual-isotope blood pool and washout examinations, though complicated, represent an ideal method of analyzing penile hemodynamics, with potential to contribute signi®cantly to the understanding of penile physiology. Development of improved pharmacologic stimuli and augmentation of testing protocols by intracavernosal pressure monitoring may further improve the utility of quantitative and physiologic nuclear medicine examinations in erectile dysfunction.
Introduction
From the time of their introduction in the mid 1950s, radionuclide tracer techniques have been an invaluable tool in measuring physiologic processes throughout the body, making seminal contributions in multiple ®elds of medicine. 1, 2 By de®nition, radioactive tracers are substances that behave physiologically in a manner identical to the usual substrate of a given biological process, yet are radioactive, enabling their simple detection and quantitation. In combination with compartmental modeling of the process of interest, these techniques represent very powerful and unique tools for probing physiologic behavior. Since the early 1970s, a number of these methods have been introduced as means of measuring penile hemodynamics. Information derived from these techniques represent some of the very basic cornerstones of our understanding of erectile physiology and are the major source of quantitative information regarding penile blood volume and¯ow. In the following review, we will examine the evolution of radionuclide tracer techniques for evaluation of penile hemodynamics, review the concepts upon which these methods are based, and brie¯y summarize the unique data obtained. It is assumed that the scholarly readership of this journal is well versed in the general pathophysiology and diagnosis of erectile dysfunction; these topics are reviewed elsewhere 3,4 and will not be restated here. By their nature, radionuclide methods have tended to be non-invasive. Some authors have advocated placement of butter¯y catheters in the corpora cavernosa to allow pressure monitoring and volume augmentation if needed. This is consistent with the understanding that one cannot adequately assess the venoocclusive mechanism if cavernosal ®lling is insuf®cient. To date, these maneuvers have generally not been included in radionuclide studies because the non-invasive nature of radionuclide investigations is perceived as being one of their greatest advantages.
Methods used to examine penile hemodynamics to date can be methodologically subdivided into three categories: blood-pool; tracer washout; and tracer washin. A fourth category, combined bloodpool and washout measurements, technically consists of a combination of two of the above techniques but conceptually represents a novel and powerful method of evaluating penile hemodynamics. We will examine these methods individually below.
By way of preface, it should be mentioned that there are essentially two standards to the evaluation of radionuclide measurements of penile blood¯ow.
An examination may have clinical value if it serves to discriminate between different clinical groups, thereby leading to accurate diagnosis and treatment, even if the absolute value of the measurement is not accurate. A higher standard is when the measurement has scienti®c value, that is the parameter measured can stand up to challenges by independent methods as to the accuracy of its value. As will be seen below, radionuclide techniques, based on sound physiologic and mathematical principles, have well-established accuracy in the scienti®c sense. Their value as a clinical tool, though not the main focus of this paper, will also be discussed, and is an area where further development is possible.
Blood pool techniques

Theory
Blood pool studies entail labeling of the systemic blood pool with a gamma emitter, and performing external measurements thereof. For the purposes of our discussion, the area of interest is the blood pool of the corpora cavernosa, which is studied after labeling of the systemic blood pool. (In this paper, it should be understood that in general references to penile blood volume or blood pool refer to the corpora cavernosa.) While early investigations used radiopharmaceuticals such as 131 I-labeled albumin
In-labeled microcolloid 6 or 99m
Tc-pertechnetate 7±9 to label the blood pool, most current investigators have chosen 99m Tc-labeled red blood cells ( 99m Tc-RBC), a nearly-ideal radiotracer for this purpose. 10±12 In the in-vitro method of labeling, a small aliquot of blood is removed from the patient into an anticoagulated container, reduced with nonradioactive tin ions, and subsequently labeled with approximately 20 mCi of 99m Tc. After reintroduction into the systemic circulation, presence of radioactive 99m Tc within the penis is detected by an external detector. In the initial studies described, penile counts were measured in the¯accid and erect states by an external non-imaging sodium-iodide probe, similar in nature to probes used today for measuring thyroid uptake of radioiodine, although ®tted with a specialized collimator. 5±7,13,14 . In subsequent methods, imaging with a nuclear medicine gamma-camera was substituted as the preferred method to acquire penile counts, 8,9,15±17 although the spatial information inherent in this technique was only used to de®ne penile regions-ofinterest (ROIs) and did not in-and-of-itself contribute to diagnosis. In this method, region-of-interest analysis and background correction are usually performed to generate time-activity curves (TACs) proportional to the volume of radioactive blood in the penis Figures 1 and 2) ; numerical indices of function may be derived as well. It is also possible to generate absolute volume measurements by comparison to an appropriate standard, such as a measured aliquot of venous blood. 14, 16 As a further option, our group has recently introduced use of a well-type scintillation crystal to measure penile activity ( Figure 3) . 18±20 In this technique, the penis is placed directly into the well of a scintillation crystal which surrounds the organ. In addition to restoring portability to radionuclide techniques, the advantage of this method is its very high count-rate sensitivity, based on optimized geometric ef®ciency and absent collimation, enabling routine performance of hemodynamic studies using only 100 mCi of 99m Tc-RBC, with excellent count rate statistics 18, 19 ( Figure 4 ). In initial blood pool studies, erection was achieved by visual sexual stimulation (VSS) 7, 14 or systemic (IV) vasodilators. 5, 6, 8, 10, 15, 21 Intracavernosal (IC) injection of vasoactive drugs 9, 16, 17, 22 is currently preferred as a more effective and reproducible method of achieving tumescence, although some authors still feel that audio-visual stimulation is more physiologic and therefore superior. 23 It is important to limit the volume of vasoactive injectate, so as not to signi®-cantly alter the hematocrit of trapped blood, thereby disturbing quantitative calculations. As described, measurements taken of the penis re¯ect the content of radioactive blood at the time of evaluation. It is assumed that the activity administered is equilibrated throughout the systemic blood pool. The change of penile blood volume with time, that is the ®rst derivative of the volume tracing, re¯ects the net¯ow of blood¯ow into the penis less blood leaving the organ. If further constraints can be placed on the system, such as assuming that¯ow exiting is negligible because of the venoocclusive mechanism, then the change of volume is equal to arterial¯ow. Schwartz et al 16 has argued and subsequently demonstrated 22 that even in the case of venous leak, maximal venous out¯ow lags behind the time of peak in¯ow, making correction of peak in¯ow relatively minimal and unnecessary.
Historical development
The concept of studying the penile blood pool by scintigraphy was proposed and developed by Shirai and coworkers in the early 1970s. 5±7,13,14,26 These investigators used an external scintillation probe to make these measurements. Resultant time activity curves (TACs) were analyzed in a very crude qualitative way. Studies were also limited by the method of erectile stimulation which progressed from visual to systemic vasodilators thereafter. Although the work was technically limited by today's standards, Shirai is credited with pioneering the concept of blood pool tracers in erectile dysfunction.
Quantitative methods (Table 1) Further re®nement of the blood pool method also included a quantitative measure of the relative increase in counts (post-erection counts divided by pre-erection counts) as well as the absolute posterection volume, calculated with reference to a venous blood sample. 14 Fanous and coworkers 8 also adopted a quantitative approach in their studies, by further de®ning a penogram index, which represented the increment in counts after erection divided by the baseline counts ([post-erection counts 7 pre-erection counts]apre-erection counts). This measure correlated well with the penile to brachial blood pressure index 8 and with arteriographic diagnosis. 10 Siraj and coworkers 15 added a vasodilator response or¯ow 17 index, which relates the relative difference in slopes of the TACs before and after vasoactive medication, normalized for counts in the iliac vessels. In the assessment of penile¯ow reserve, this index is a logical approach to quanti®cation of in¯ow which occurs during erectile stimulation.
A similar approach has been utilized by Schwartz and coworkers 16 who calculated absolute¯ow by imaging the penis during the attainment of erection. . To standardize terminology, time of erectile stimulation has been set at 0, with prior time points described on a negative scale. A2 has been de®ned as the time when peak activity after stimulation occurs. Table 1 describes additional blood pool indices based on this nomenclature, some of which are indicated in the ®gure. Reproduced from Reference 28 with permission. The change in corporal cavernosal counts with time was normalized according to the activity of a 10 ml venous blood standard, thereby yielding absolutē ow rates (assuming negligible venous leakage during the ®lling phase, as discussed). The peak corporal¯ow was shown to correlate well with an angiographic index of arterial integrity. Patients with virtually normal arteries had mean peak corporal¯ows of 14.7 AE 4.4 mlamin while those with severe arterial disease had calculated values of 4.8 AE 1.5 mlamin. As would be expected, no correlation was identi®ed between peak corporal¯ow and intracorporal resistance, 27 a measure of venous competence. In a second publication by Schwartz et al, 22 the parameter which correlated best with an angiographic scoring of arterial disease was the change in penile blood volume from 1 min before to 1 min after time of peak in¯ow (r 0.96), which the authors felt re¯ected the ability to maintain in¯ow rates during the peak phase of tumescence. It is interesting to note that this measure is conceptually similar to that published by Shirai et al 14 15 years earlier, although the methods of stimulation and measurement are improved.
Other authors have attempted to identify characteristic features of venoocclusive dysfunction based on qualitative 17 and quantitative 9 analysis of the TACs. These techniques have been more extensively discussed elsewhere 28 and are generally of less value than the arterial indices derived from the blood-pool data.
Washout techniques
Theory
Washout of radioactive tracers have been extensively used to derive physiologic measurements.
The principle of the method is that following deposit of a locally diffusible tracer at a site of interest, the rate of removal of the activity relates to the regional blood¯ow, taking into account the relative af®nity of the tracer to blood as compared to tissues (the partition coef®cient).
1,2 External measurements over the region of interest, for example the corpora cavernosa, result in a`washout' timeactivity curve which re¯ects the rate of disappearance of activity. When the penis is in a steady state, that is arterial¯ow equals venous¯ow, resulting in a constant volume, activity leaving the penis is proportional to blood¯ow, and the amount of activity which remains. This model of ®rst order kinetics can be mathematically solved to yield:
where A(t) is the corporal activity measured at time t, and k is the ratio of blood¯ow divided by cavernosal volume (fav). When plotted as a semilogarithmic plot, slope of the curve equals the ratio of¯ow to volume (k) and if corporal volume can be ascertained by independent means, then an absolute value for¯ow can be calculated ( Figure 5 ). Unfortunately, the mathematic model can only be solved when the penis is in a steady state, ie¯accid or fully erect. During tumescence or detumescence, volume is changing and these criteria are not met, leading to at least some degree of error regarding the rate of venous out¯ow, and no information regarding arterial in¯ow. This is because with the exception of the initial¯accid baseline and the ultimate fullyerect state, arterial¯ow into the corpora cavernosa does not equal venous¯ow exiting, as re¯ected by the changing blood pool volume. The washout of activity cannot be exactly modeled to determine fav during this period, although the disappearance of activity does re¯ect venous out¯ow in a qualitative manner. For example, during rapid ®lling in a Radionuclide studies in erectile dysfunction LS Zuckier normal subject, there should be little egress of blood from the corpora cavernosa due to the venoocclusive mechanism; inspection of the time activity curve can indicate whether this assumption is true. Current understanding of erectile physiology clearly establishes that arterial and venous blood ow in the corpora cavernosa are the critical determinants to erection, while¯ow in the skin or subcutaneous tissues are only of indirect relevance to erectile physiology. Furthermore, based on what is known today, it is also clear that venous out¯ow when erect is the important variable to consider in venoocclusive erectile dysfunction, with¯accid values primarily useful for comparative purposes. These basic concepts were not always appreciated in the development of blood¯ow techniques, and many early studies measured washout of xenon following subcutaneous injection, or did not examine intracavernosal washout after erection. For the sake of focus and brevity, we will concentrate on intracavernosal blood¯ow studies which include measurements performed while erect, while results from subcutaneous injections or¯accid investigations alone are reviewed elsewhere. 28 
Historical development and results
Intracavernosal
133 Xe injections, to determine cavernosal blood¯ow, were ®rst described in 1978 by Shirai and coworkers 29 and in 1980 by Wagner and Uhrenholdt. 30 In ®ve subjects with complete erections after VSS, Shirai 29 found that intrapenile blood¯ow averaged 2.0 mla100 gmamin whilē accid and 43.0 mla100 gmamin while erect, assuming a partition coef®cient of 1. Because the basic mechanisms of erection were not established, this suggested to Shirai that venous occlusion is not a normal component of erection. Wagner and Uhrenholdt 30 presented con¯icting data from a similar, though better controlled, study in four normal volunteers. A strain-gauge plethysmograph was used to monitor circumferential size of the penis and both¯ow and circumferential volumes were continuously recorded during and after erection. VSS was continued until full erection was obtained. The authors observed that penile blood¯ow decreased after VSS, dropping from 3± 8 mla100 gamin in the¯accid state to 0± 4 mla100 gamin while erect, thereby supporting the existence of a veno-occlusive mechanism. During detumescence, blood¯ow was initially elevated (20±75 mla100 gamin), and subsequently decreased to the¯accid levels 2.5±4 min after termination of the visual stimulation. In 1983, this group published results of intracavernosal injection of xenon in patients with Peyronie's disease, 31 a disorder which is frequently accompanied by erectile dysfunction. In ®ve patients with normal erectile function, normal venous closure was noted after onset of erection, similar to the ®nding previously noted in controls. 30 In 11 out of 15 patients with erectile dysfunction, visually stimulated erection paradoxically resulted in insuf®cient venous closure (absolute numerical data were not reported). More recently, Yeh et al 32 studied intracavernosal penile xenon washout in patients with incomplete erectile response to the intracavernosal injection of PGE-1, both before and after administration of this vasoactive agent. While all six patients with non-venous disease, as assessed by other modalities, had a decrease in 133 Xe corporal clearance after PGE-1 administration, 12 out of 14 patients with documented venous disease had a signi®cant increase in xenon washout.
With the exception of Shirai et al, 29 the majority of investigators have found that normal erection results in decreased penile washout, while in patients with venous disease, more rapid washout occurs, ®ndings that ®t in well with current models of penile hemodynamics. Multiple explanations have been suggested to reconcile Shirai et al's 29 anomalous results with the more comprehensible consensus ®ndings. 29, 30 ,33±35 Their common denominator is the understanding that erection is a dynamic process and measurement at different times will give highly variable results, compounded by the fact that degree of erection is itself variable, depending on the type and effectiveness of stimulus employed. Measurements under different clinical conditions, and with different stimuli, could conceivably produce very disparate results. In fact, if stimulation is insuf®cient to adequately trigger the venoocclusive mechanism yet increases¯ow, a paradoxical increase in xenon washout will be observed. As a last point, Wagner has also hypothesized that the Japanese researchers' method of injecting local anesthesia prior to xenon may have potentially interfered with neural regulation of venous closure, resulting in the described ®nd-ings. 33 Wagner has described a post-occlusive washout test where intracavernosal xenon washout is measured both before and after 5 minutes of cuffinduced penile ischemia. 33 This penile`stress test' arti®cially stimulates rapid¯ow in the penile arteries and serves to identify patients with arterial disease where post-ischemic augmentation cannot occur. Its usefulness has been eclipsed by methods of inducing erection with pharmacologic drugs, although the concept of using a penile cuff has resurfaced during blood pool`washin' studies, as will be noted below. 36, 37 With respect to¯accid xenon washout in patients with venous disease, there is considerable variation in values described by different investigators. 28 This question is primarily of theoretical and physiologic importance; washout in the erect penis is the optimal method of detecting venous incompetence and is normally decreased relative to¯accid values, assuming adequate erection and an intact venoocclusive mechanism. Tc-based methods An interesting method was described by Groshar and colleagues, 38 using 99m Tc-RBCs to measure rates of cavernosal washout ( Figure 6 ). To establish clearance half-times, direct intracorporal injections of 0.5 mCi of autologous 99m Tc-RBCs were performed in both the¯accid and erect states. Papaverinearegitine-induced erection produced a signi®cant increase in half-time of clearance in 13 normal subjects without venous disease (2892 AE 1899 s) as compared to seven patients with venous incompetence (213 AE 123 s); no statistically signi®cant difference in¯accid washout was noted in these groups (half-times of 202 AE 139 s vs 92 AE 35 s respectively). This approach, if validated, provides a more convenient means of determining cavernosal washout than xenon studies. It may also be possible to sequentially perform washout and blood pool studies using injections of only one radiopharmaceutical. While Tc-RBC washout appears to effectively identify patients with venous disease on the basis of their erect half-times of clearance, discrepancies with values of reported xenon washout must caution us as to the exact physical correlate of what is being measured.
An apparently similar method using 99m
Tc-colloid as the washout tracer has been touted as superior to 133 Xe for this purpose. 39 Because radiolabeled colloid leaving the penis into the systemic circulation becomes trapped by reticuloendothelial cells, there is no recirculation of activity back into the penis. 23 
Combined blood-pool methodologies
Introduction
Several groups have reported use of combined blood pool and xenon washout studies for the evaluation of penile blood¯ow. 22,40±42 In theory, this method reduces to two simultaneous differential equations of two variables, which can be iteratively solved, leading to the simultaneous description of arterial in¯ow and venous out¯ow during the process of erection.
True dual isotope methods
Schwartz has published a method where blood pool and washout examinations were performed on separate occasions using 99m Tc-RBC and 133 Xe in nine patients or simultaneously using 99m Tc-RBC and 127 Xe in ®ve ( Figure 7 ). 22 As a rule, the degree of venous out¯ow during time of peak in¯ow was shown to be negligible, 22 validating the use of penile blood pool TACs as an accurate measure of arterial in¯ow. Miraldi has described a slightly different method of simultaneously monitoring 99m Tc-RBC blood pool and 133 Xe washout with erection. 42, 43 Based on a one compartment model, six normal, three arterial insuf®ciency and ®ve venous leak subjects were studied. 43 Although the number of patients examined was small, arterial insuf®ciency patients were notable for a decreased peak arterial ow while venous insuf®ciency patients were noted to have elevated peak venous¯ow rates.
In general, the true dual isotope approach is a major advance in the scintimetric analysis of erectile dysfunction, by allowing simultaneous and exact calculation of changes in both in¯ow and out¯ow of penile blood. 44 Furthermore, this method has con®rmed assumptions made concerning venous out- ¯ow during single isotope blood pool studies. 22 While a high level of technical dif®culty may restrict dual-tracer examinations to a research setting, this technique affords us a better understanding of the interrelationship of various vascular factors on the etiology of erectile dysfunction and sheds light on the physiology of erection in general.
Concurrent blood pool and washout methods
Esen and coworkers 41 also have used concurrent 99m Tc RBC and 133 Xe washout measurements. In contrast to the methods described above, no attempt was made to simultaneously solve the two differential equations. Instead, simultaneous arterial and venous indices were independently derived from the blood pool and washout TACs. The 
Washin Techniques
Theory
If one could introduce a radiolabel to the systemic circulation prior to labeling of the penile blood pool, the rate of arrival of radiolabeled blood into the penis would reveal quantitative information regarding penile blood¯ow. As in the blood pool method, an appropriate standard, such as a sample of venous blood, can be used to convert the TAC to a timevolume curve. We will consider two circumstances. The ®rst is where the corporal cavernosal activity is examined during the short period prior to transit of activity into the penile veins, and the second is the special case at equilibrium where arterial and venous¯ow are equal and constant.
Cuff method
In the ®rst situation, where we are analyzing the curve prior to escape of labeled blood back into the systemic circulation, the instantaneous slope of the time-blood volume curve is equal to the rate of penile perfusion, ie arterial¯ow. Assuming a constant rate of perfusion over this short period of time, the initial slope of the curve would be linear, until the point where labeled blood began to leave the penis, after which the curve would gradually approach a horizontal plateau, when the volume of labeled blood leaving the penis is equal to that arriving. The advantage of this method is that it does not in fact presuppose measurement at equilibrium and can therefore be used during tumescence. The dif®culty with this method is that by the time administered activity becomes mixed in the systemic blood pool, some amount of labeled blood has already reached and transited through the corpora cavernosa, that is to say there is not well de®ned moment where the systemic blood pool is homogeneously labeled, and the penis remains devoid of activity. This dif®culty has been circumvented by Grech and coworkers 36, 37 who studied dynamic perfusion of the corpora cavernosa after release of an in¯atable cuff placed at the base of the penis which followed systemic injection of radiolabeled blood. As discussed, initial slope of the blood pool curve is proportional to penile blood¯ow. Studies were performed both in the¯accid state, and in conjunction with use of intracavernosal vasoactive agents on a different day. An additional bene®t of the cuff is that when intracavernous vasoactive drugs are injected, they are locally trapped, leading to a maximal vasoactive response prior to tourniquet release. Using this technique, it was noted that accid post-occlusive¯ow averaged 13.1 AE 4.4 mlamina100 cc (mean AE 1 sd) in normals and increased to 33.5 AE 16.2 mlamina100 cc after papaverine stimulation. Values in the arterial disease patients were 4.3 AE 1.9 increasing to 13.2 AE 4.6 mlamina100 cc post-stimulation (in comparison to normal patients,¯accid and erect¯ows had P values of 0.001 and 0.013 respectively). There was no signi®cant difference in¯accid and erect penile blood¯ow in the venous leak group compared to normals, as would be expected. With the blood cuff method, the penis is partially ischemic upon release, and it could be argued that a truē accid blood¯ow is not obtained. 37, 45 Stimulated blood¯ow values completely discriminated between patients with arterial disease and other causes of erectile dysfunction, making the technique potentially valuable for diagnostic purposes.
Equilibrium method
In the second case of washin, we assume an equilibrium state where¯ow into is equal to¯ow leaving the penis and is constant. Flaccid blood¯ow is studied by measuring cavernosal activity after peripheral injection of radiolabeled blood, using 99m Tc-RBC washin curves in their entirety, rather than just the initial linear portion. With this method, there is no need for a cuff or other nonphysiologic maneuver. 19, 46 The method basically relies on the fact that mixing of activity in the systemic circulation is relatively rapid compared to the slow washin of activity into the¯accid corpora cavernosa. In this case, the conditions can be modeled and solved 19, 46 yielding the following time-volume curve:
where the equilibrium constant k is again equal to the ratio of cavernosal blood¯ow to blood volume. Because of the low ratio of¯ow to volume in this compartment, it takes between 10 and 20 min for penile activity to plateau and reach equilibrium after injection into the faster-equilibrating systemic compartment. Values for¯accid blood volume and blood¯ow can be readily calculated, serving as a baseline for the subsequent stimulated measurements ( Figure 4 ). Phantom studies have con®rmed the assumptions underlying this method, 46 and the technique has been applied to patients 46 and to laboratory animals.
20,47
Dosimetry
Radiation exposure to patients undergoing either 99m Tc-RBC or 133 Xenon washout studies is within the range of that encountered in other Nuclear Medicine studies, and is considerably less than exposure during pelvic angiography. Blood pool studies for the investigation of erectile dysfunction using 99m Tc-RBC have identical dosimetry to routinely performed cardiac and hemangioma blood pool examinations. Commonly accepted per-millicurie dosimetry values are 55 mrads to the blood and 19 mrads to the whole body. 48, 49 Dosimetry rates with the PNIS probe ( Figure 3 ) are approximately 300-fold less, due to the greater sensitivity, and the fractional amount of activity employed.
Estimates of radiation exposure following 133 Xenon administration rest heavily on assumptions regarding blood¯ow and modeling. Assuming a blood¯ow of 1 mla100 mgamin, Haden et al 35 have calculated a radiation dose of approximately 2.1 radamCi to the intracavernous injection site with use of 133 Xe. The dose to the testes and whole body are similar to those of intravenous injections and are reported as 0.065 and 0.12 mradamCi, respectively. Wagner and Varenholdt 30 has stated that a dose of 300 mCi contributes 1.22 mrad, although it is unclear what target volume is being considered.
Conclusion
It is fair to say that radionuclide methods have developed hand-in-hand with other modalities in the investigation of erectile dysfunction, both helping to elucidate the pathophysiology of the disorder, and bene®tting from ongoing developments in the understanding and assessment of erectile dysfunction. With emergence of dual-isotope methodologies for assessing penile hemodynamics, radionuclide techniques again offer data not available by other modalities, and may provide insight into factors such as compliance and ®lling dynamics which are likely to profoundly in¯uence corporal cavernosal function.
A separate clinical issue is whether there is need for any diagnostic testing if intracavernous pharmacotherapy is shown to be an effective treatment in a given patient. In an era of heightened cost consciousness in medicine, some have questioned the need to speci®cally diagnose the etiology of erectile dysfunction if it will not affect therapy decisions. While this is fundamentally a philosophical issue, it is my feeling that there will always be a role for diagnostic tests, especially in`dif®cult' patients who fail standard methods of pharmacotherapy. The quantitative and physiologic nature of scintigraphic studies do add a unique dimension to the diagnosis and evaluation of disorders of erectile dysfunction. 50 These potential bene®ts include the ability to generate actual¯ow and volume measurements, to assess hemodynamic consequences of anatomic lesions, to reliably study patients with variations in arterial anatomy, and the ability to detect abnormalities of small vessels and corporal behavior, beyond the capability of routine morphologic imaging techniques. 36 Quantitative scintimetric examinations may also have an important role in titrating pharmacotherapy. 51 In large measure, the quantitative aspects of the radionuclide examinations, which are their most unique value, have not been adequately exploited to data. Need for physiologic and quantitative data derived from these studies will certainly increase with development of new and sophisticated treatment modalities.
